I. INTRODUCTION
SH-SAW devices have been widely used for chemical and biosensing applications and have been reported extensively in literature 1, 2, 3, 4 . The basic structure of a twoport SH-SAW device is shown in Figure 1 . It consists of IDTs and reflectors placed on top of a piezoelectric substrate. The input signal is applied to the input IDT which then launches acoustic waves in both directions which are then reflected back into the device due to the presence of the reflectors. The reflectors together with the IDTs form a resonant cavity and the reflected signals add in phase thus forming a peak response at the center frequency. Modeling and simulation of these devices prior to the actual fabrication can provide valuable information about the device performance and optimizing its design parameters. This has motivated us to develop a three dimensional model for SH-SAW devices and perform finite element simulation. Finite element analysis was performed using the MemMech module in CoventorWare. It combines the piezoelectric constitutive equations, maxwell's equations and the mechanical equations of motion to arrive at the following two differential equations.
These equations are then used to obtain a solution to the piezoelectric problem. Based on the simulation results, SH-SAW devices were fabricated and characterized.
II. RESULTS
The two-port SH-SAW resonators were fabricated on 64˚ rotated Y-cut LiNbO 3 with the following dimensions 6000 µm × 820 µm × 500 µm. The IDTs and the reflectors were defined using Cr and Au with a thickness of 40nm and 60 nm respectively. The input and output IDTs had 8 finger pairs with a periodicity of 40 µm and the acoustic aperture was 700 µm. However for simulation, the depth of the substrate was reduced to 100 µm in order to have a finer mesh towards the top of the substrate where most of the surface acoustic wave energy is concentrated while at the same time minimizing computational time. There were a total of 65000 elements forming the mesh and the element sizes were 5 µm, 50 µm and 75 µm in the x-, y-and zdirections respectively. Transient analysis was performed on the SH-SAW device by applying 1×10 9 volts for a duration of 3 ns. The analysis was run for a total of 600ns with a 3ns step. Figure 2 shows a 3D view of the wave propagation at 600 ns when the wave launched by the input IDT has reached the reflectors after passing through the output IDT. In order to study the particle displacement on the surface of the SAW device a patch was applied and its displacement Figure 3 depicts the normalized displacements in the x-, y and z-directions at a single node in the middle of first finger of the output IDT. It is evident that the dominant particle displacements are in the x and zdirections confirming the presence of shear horizontal waves. The inset in Figure 3 shows the orientation of the final SH-SAW device after the Euler rotation by (ϕ=0˚, θ=64˚, ψ=0˚) . From Figure 3 , it can be seen that the propagation time for the SH-SAW to the output IDT is around 95 ns which gives a velocity of 4421 m/s. Figure 4 shows the comparison between measured and simulated frequency response of the SH-SAW device. From the figure, it was found that the center frequency in both cases is close to 110 MHz. The wideband simulated response is due to the fact that the analysis was only run for a total of 600ns in order to reduce computational time. Hence, the effect of the reflectors on the frequency response is not very evident. Thus, 3-dimensional finite element modeling and analysis can help us gain in depth information about the performance of the device prior to the actual fabrication. 
